Objective: To assess the frequency of statistical errors in the dermatology literature. Results: Of 364 studies published, 155 included statistical analysis. Of these, 59 (38.1%) contained errors in the methods or omissions in reporting of the statistical results. Fourteen percent of the articles with statistical analysis contained errors in the methods used (considered to be more significant errors), 26.5% contained errors in the presentation of the results, and 2.6% contained errors in both.
S

TATISTICS ARE FREQUENTLY
used when reporting the results of studies in the medical literature, yet errors commonly occur in the correct use and presentation of statistical findings. Previous reviews in other medical disciplines have demonstrated high error rates, ranging from 45% to 95%. [1] [2] [3] [4] [5] [6] [7] A review of 100 articles in the dermatopathology literature found an error rate of 36% in 25 articles that contained statistical analysis. 8 Inadequate power is also prevalent, with the results of 1 study 9 indicating that most clinical trials with negative conclusions in dermatology did not have an adequate sample size to detect a difference between treatment groups. A more comprehensive review of the general dermatology literature to detect other statistical errors has not been conducted, to our knowledge.
For this reason, we performed a retrospective review of the statistical methods from all studies published in the Archives of Dermatology and the Journal of the American Academy of Dermatology in 2003. These 2 journals were chosen because they are well-respected peerreviewed journals in the dermatology literature.
METHODS
Articles published in the Archives of Dermatology and the Journal of the American Academy of Dermatology from January through December 2003 that included statistical methods were reviewed for errors. The articles included in this study were those containing statistical analysis from the sections of these journals publishing scientific studies. In the Archives of Dermatology, these included the Studies, Observations, Correspondence, Evidence-Based Dermatology, and Reviews sections, and in the Journal of the American Academy of Dermatology, these included the Reports, Therapy, Laser Surgery, Dermatologic Surgery, Dermatopathology, and Brief Reports sections. Despite the inconsistent definition of what constitutes a statistical error, we chose to include those errors that were highlighted in previous reviews from other medical disciplines. [1] [2] [3] [4] [5] [6] [7] The 2 groups of statistical errors considered were in the use of a statistical test and in the presentation of the results.
ERRORS IN THE USE OF A STATISTICAL TEST
Because most articles did not provide the raw data necessary to determine the distribution, we assumed that sample sizes smaller than 30 in each group would not have a normal distribution and that a nonparametric test should be used. While parametric statistical tests assume that the data collected have a normal, continuous, bell-shaped (Gaussian) distribution, nonparametric methods are free of this assumption and work well for small sample sizes and data with skewed distributions. The sample size of 30 was selected because it is used in Basic & Clinical Biostatistics by DawsonSaunders and Trapp 10 as an arbitrary cutoff for differentiating between data sets with a normal or nonnormal distribution. Exceptions to this were the rare occasions when the authors stated that they performed a visual or statistical test to ascertain the distribution of the data and then used the appropriate test based on these results. It is also possible that sample sizes larger than 30 may not have a normal distribution and that a nonparametric test should be used with these data. Given the lack of a clearly defined cutoff value and data necessary to determine if the correct test was chosen, we considered these to be errors in the use of a statistical test, although arguably, they may be questionable. In addition to using the appropriate test for the data distribution, we also evaluated the correct use of unpaired and paired t test, the use of analysis of variance (ANOVA) for multiple comparisons, the use of Fisher exact test for small sample sizes, and the pooling of variance.
ERRORS IN THE PRESENTATION OF THE RESULTS
Minor errors in the presentation of the findings included failure to report the type of statistical test used in the article and whether it was 1-sided or 2-sided. Another error was presenting the results in the format of "a ± b" without reporting if b represents the standard deviation or the standard error of the mean. Although not considered an error in our analysis, we checked for the inclusion of details about the statistical analysis package and the power of the study. In the presentation of statistical results, failure to state if a test was 1-sided or 2-sided was the most common omission, occurring in 32 articles (20.6%). Eight articles (5.2%) provided statistical results and P values without disclosing the statistical test used. Two articles (1.3%) did not state if they were reporting standard deviations or standard errors of the mean. Although not considered an error in our analysis, 92 articles (59.4%) did not report the statistical package used for the analysis, and only 16 (10.3%) of the articles included any information about the power of the study.
RESULTS
During
We evaluated industry sponsorship of studies to see if this affected the rates of errors. Of those studies with errors in the use of a statistical test, 4 (18.2%) of 22 were sponsored by industries, as were 10 (24.4%) of 41 studies with errors in the presentation of the results. Most articles that were published in these 2 journals used nonparametric statistics, often in conjunction with parametric methods. The error rate of 38.1% is consistent with error rates in published studies [1] [2] [3] [4] [5] [6] [7] from other medical disciplines and in the study by Flotte et al 8 in the dermatopathology literature. Three studies used unpaired t tests with paired data. Typically, this results in a falsely elevated P value and can lead to failure in detecting a significant difference when one exists. 11 Two studies did not use a test for multiple comparisons, which can result in finding a spurious difference between 2 groups.
Only 10.3% of the studies included information on the power of the study, usually to determine the sample size necessary to detect a statistical difference before study initiation. Studies with inadequate sample sizes have an increased risk of type II error (failing to find a difference when one actually exists). 12 Although not necessary in all studies, power should be reported in studies reaching negative conclusions because the inadequate sample size may have resulted in the lack of significance. 9, 13 A less significant omission occurred in the failure to report the statistical package used for analysis, although we did not consider this an error because some authors only include the package details if relevant.
This study is limited by the inconsistent definition of what constitutes a statistical error. We chose to include those errors that were analyzed in reviews from other medical disciplines, [1] [2] [3] [4] [5] [6] [7] but some of these errors can be considered questionable. One example of this was considering the use of a parametric test (usually t test) with small sample sizes to be an error unless the authors stated that they performed a test for normality. t Test is robust, and the results likely would not be changed by minor deviations from normality. Therefore, it is difficult to know without the raw data if the use of this test with small sample sizes affected the study results. In addition, some journals may only report normality testing if the data required transformation as a result. In studies with sample sizes smaller than 30 in each group, we recommend using a nonparametric test or reporting the performance of normality testing, through visual inspection of the plotted data or by means of a statistical test.
To correct these errors that occur within peerreviewed journals, it has been suggested that a statistician review all articles before submission or that a statistician be included as a reviewer. [14] [15] [16] [17] Although this adds an additional burden of time and expense to the publication process, statistical reviewing has been shown to decrease the number of statistical errors in medical publications. 7, [17] [18] [19] [20] [21] [22] This onus is worthwhile to ensure the validity of the study results.
Most statistical analyses are based on a limited battery of tests taught in an introductory statistics course, but many dermatologists may not be familiar with the correct statistical test that should be used with their data. As a result, unless authors are familiar with the statistical test that they are performing, they should consult a statistician before submission of their study results. In our analysis, we found a lower rate of errors in industry-sponsored studies, which typically include statisticians in the data analysis. In addition to these measures, a statistical checklist should be referenced before submission of any journal article that includes statistical analysis. 18, 23 It may also be beneficial to incorporate training in statistics into dermatology residency programs or as a continuing medical education program. These programs would be offered to increase awareness about the importance of critically analyzing journal articles and recognizing common statistical errors when interpreting the results.
In summary, the appropriate use of statistical methods is an integral part of all studies performed and published. Errors in statistics frequently occur in the dermatology literature, as in many other disciplines of medicine, and readers should be critical of statistical methods and conclusions drawn from studies with incorrect or incomplete statistical analysis.
